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METHOD, SYSTEM, AND STORAGE MEDIUM FOR INTEGRATING REWORK 
OPERATIONS INTO AN ADVANCED PLANNING PROCESS 

BACKGROUND 

The present invention relates generally to 
5 manufacturing rework processes, and more particularly, the 

present invention relates to a method, system, and storage 
medium for integrating rework operations into an advanced 
planning process. 

In a manufacturing environment, the process of rework 

10 refers to the handling of products and . assemblies that are 

found to be defective, either because the manufacturing 
process is flawed or because one or more components of the 
product of manufacture is flawed. The flaws are often 
detected during a testing procedure that occurs at a 

15 specified, point in the manufacturing process such as the 

completion of a subassembly fabrication. 

Despite these defects, many products can be reworked by 
replacing defective components in the products or assemblies 
or by repeating a particular operation in the manufacturing 

20 system. Assemblies that cannot be reworked may be a source 

of "salvageable" component parts whereby the assembly is 
broken down and the working components are kept. 
Salvageable components are then fed back into the 
manufacturing process. The processes involved in conducting 

25 rework and salvage in a manufacturing system translate into 

circular material flows of component parts. Advanced 
planning systems have attempted to manage this circular 
material flow, but with little success. 

Advanced planning systems (APS) are used to optimize 

30 supply chain planning decisions. They leverage mathematical 

models (e.g., linear programs) to optimize planning 
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decisions including the build plan for the manufactured 
parts (e.g., assemblies, subassemblies, components) at the 
manufacturing plants in a division, interplant logistics, 
and customer shipments . To determine the optimal plan, they 
trade off several criteria to determine an optimal 
allocation of limited work center capacity and material 
supply to best meet a prioritized customer demand statement. 

For industries with a significant rework aspect to 
their manufacturing system, it would be beneficial to 
provide the details of the rework process to the APS so that 
the impact of two-way material flows in the plan can be 
captured. This would involve providing detailed information 
about the rework bill of material (BOM), capacity resources 
required for performing rework operations, replacement parts 
sorting percentages reflecting the fraction of parts 
requiring rework, and cycle times for completing rework 
operations. With this information, the rework process can 
be integrated with the APS mathematical model. 

SUMMARY 

An exemplary embodiment of the invention relates to a 
method, system, and storage medium for integrating rework 
operations into an advanced planning process. The method 
comprises: providing at least one rework Bill of Materials 
flow for use in conjunction with other Bills of Materials 
flow in a production planning process; forecasting rework 
parametric information associated with the rework Bill of 
Materials flow; and generating an integrated manufacturing 
plan utilizing the rework parametric information and the 
rework Bill of Materials flow. The rework parametric 
information includes at least one of: yields; cycle times; 
capacities; and rework materials. Other embodiments of the 
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invention include a system, and a storage medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referred now to the drawings wherein like elements are 
numbered alike in the several FIGURES: 

FIG. 1 is a block diagram of a portion of a system upon 
which the rework system is implemented in an exemplary 
embodiment; 

FIG. 2 illustrates a rework data model utilized by the 
rework system in an exemplary embodiment; 

FIG. 3 is a flowchart describing a process for 
implementing the rework system in an exemplary embodiment; 

FIG. 4 illustrates a sample Bill of Material (BOM) 

flow; 

FIG. 5 illustrates a rework BOM flow with capacity 
constraints; and 

FIG. 6 illustrates a BOM flow where both assemblies and 
components are reworkable. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Rework operations are integrated into an advanced . 
planning process via the rework system of the present 
invention. The rework system leverages a linear programming 
(LP) model of the production planning process and provides a 
circular flow of materials' structure. The rework system is 
modeled using a set of inventory balance equations to 
describe the flow of materials (also referred to as 'BOM 
flow') from one part number's inventory holding point to the 
next. The solution uses a unique part number (also referred 
to as 'test part number') to describe the part which has 
completed all operations prior to the test operation; in 
other words the 'test part number' is ready to be tested. 
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The solution uses another unique part number (also referred . 
to as 'rework part number') to describe the part which has 
been identified as requiring rework; in other words, it is a 
- reworkable part number. Sort percentages are used on: the 
part going through testing to indicate the percentage of 
good, reworkable, or salvageable units that will be 
generated. Cost penalties may be applied in the linear 
programming model so that the desired behavior during a 
product life cycle (e.g., during new product 'ramp up' the 
rework system is not used, only a new build system to 
satisfy demand) can be emulated in the planning process. 

For illustrative purposes, the invention is described 
with respect to a sample bills of material (BOM) flow for a 
hard disk drive. It will be understood by those skilled in 
the art that the rework system is applicable to a variety of 
product structures. 

A manufacturing system 100 includes a server 102 and a 
technical data repository 104 coupled together via a 
communication link such as network cabling. For 
illustrative purposes, server 102 is an IBM P690O utilizing 
IBM's AIXO operating system and DB26 for data storage. 
Server 102 executes various business software applications 
typically associated with a manufacturing enterprise. Such 
software includes enterprise resource planning/manufacturing 
execution system software 106, and advanced planning system 
108. In the manufacturing system 100 of FIG. 1, server 102 
is executing the rework system 110 of the invention. The 
rework system 110 is preferably implemented as an 
enhancement to an existing production planning or advanced 
planning application such as the tool described in U.S. 
Patent 5,971,585, entitled u Best Can Do Matching of Assets 
With Demand in Microelectronics Manuf acturing" which was 
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issued on October 26, 1999, assigned to the assignees of the 
present invention, and is incorporated by reference herein 
in its entirety. The above-referenced tool is a computer 
implemented decision support application that generates a 
"best can do" match between existing assets and demands 
within boundaries established by manufacturing 
specifications, process flows, and business policies to 
determine which demands can be met in a specified time 
period. 

Parametric data 111 provides input to the rework system 
110 and is obtained via user input to the templates of 
rework data model 200 described in Figure 2. Parametric 
data 111 is described further herein. 

Technical data repository 104 stores a plurality of 
databases used by the rework system 110 including parameter 
database 112, part number definition (PND) files database 
116, build options (BLDOPT) records database 118, yield 
records database 12 0, speed sort records database 122, BOM 
records database 124, capacity consumption records database 
126, inventory records database 128, process cost records 
database 130, and CAPREQ files database 132. These 
databases are used as input to the rework system 110 and are 
also modified by rework system 110 and thus may be 
considered output of rework system 110. 

PND files store part number data on each part that goes 
through a manufacturing process. These files also describe 
hierarchical relationships or groupings of part numbers. 
The PND file is updated whenever test and/or rework parts 
are added to the system. 

BLDOPT files define the processes which may be used to 
purchase or manufacture a part number at a given location. 
Each BLDOPT record would include the following attributes: 
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PartNumber, Location, Process, Effective Dates, and an 
indicator as to whether the part number is manufactured or 
purchased using the process at the specified location. 

Yield records define the percentage of product that is 
"good" according to a test operation. Each YIELD record 
includes the following attributes: PartNumber, Location, 
Process, Effective Dates, yield. The speed sort records 
define the percentage of good product which results in each 
particular output part number. For example, in a 
semiconductor manufacturing operation, a successful test may 
result in a product which is designated or sorted as: fast, 
medium speed, or slow. The fast, medium, and slow speed 
products would be represented as three different part 
numbers in the speed sort records . Each speed sort record 
includes the following attributes: input part number, 
location, process, Effective Dates, output part number, and 
percentage of output part number resulting from the speed 
sorting operation. Continuing with the example, one speed 
sort record would contain the unsorted (prior , to testing) 
part number as the input part number, the slow speed part 
number as the output part number, and a percentage 
indicating how much of the product will be slow speed. 

Each BOM record contains an assembly part number, 
location, process, component part number, and quantity of 
the component part number which is consumed per piece 
released of the assembly part number. These databases will 
be described further in the context of the rework data model 
depicted in FIG. 2 as well as the method steps recited in 
FIG. 3. 

Technical repository 104 may comprise any form of mass 
storage device configured to read and write database type 
data maintained in a file store and is logically addressable 



YOR920030131US1 



6 



as a consolidated data source across system 100. 
Information stored in technical repository 104 is retrieved 
and manipulated via server 102. It will be understood that 
more than one server may be utilized by system 100 in order 
to accommodate a high volume of manufacturing activities- 
typically generated in a large organization. Further 
technical repository 104 and server 102 may comprise a 
single unit such as, for example, a mainframe computer. 

As indicated above,, current ERP systems used in a 
manufacturing process do not support rework planning. The 
rework system of the invention includes a rework data model 
for integrating an advanced manufacturing execution system's 
rework requirements with a planning system that . accommodates 
a circular flow of materials. A rework BOM flow is provided 
to the rework system 110. A BOM flow defines the movement 
of manufactured parts throughout the manufacturing system 
from one stocking point to the next . A user enters 
forecasted parameter data 111 in accordance with historical 
rework yields and similar considerations via templates of 
rework data model 200. The rework system 110 generates a 
manufacturing plan using the parametric information and the 
rework BOM flow. The rework data model and types of data 
provided by a user are described in FIG. 2. 

The rework data model 200 and corresponding parameter 
templates 202-216 will now be described. Rework parameter 
templates 202-216 are created via rework system 110 and 
maintained in parameter database 112 of FIG. 1. Rework 
parameter templates include rework yields (REWORK_YIELD) 
202, rework cycle time (REWORK_CT) 204, rework capacity 
( REWORK_C AP AC I T Y ) 206, rework materials (REWORK„MATERIAL) 
208, product hierarchy (PRODUCT_HIERARCHY) 210, inventory 
cost (INVENTORY__COST) 212, process cost ( PROCESS_COST) 214, 
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and inventory materials (INVENTORY) 216. 

Rework yield template 202 maintains nine elements as 
depicted in FIG . 2. .'Location' refers to the place where 
the manufacturing occurs. x ProductHierarchy ' allows for 
parameters to be defined hierarchically as described further 
in PRODUCT_HIERARCHY template 210 below. *PartNumber' 
allows parameters to be defined at the part number level. 
* FirstPassYield' refers to the percentage of parts that 
successfully pass testing (i.e., are designated as "good 
product") on the first loop or pass. x ReworkYield' refers 
to the percentage of parts that successfully pass testing 
each rework loop or pass. 'ReworkScrap ' refers to the 
percentage of materials scrapped for each rework pass. 
1 Ef f ectiveDates ' refers to a time frame for which the above 
parameters are effective. 'WorkOff Start ' refers to the first 
date the rework process is usable/qualified. 'MultiplePass ' 
is a 'yes/no' indicator which indicates whether the rework 
process path may be executed more than once. In other 
words, when the testing of a product following a rework 
operation indicates that the product is not usable, and the 
MultiplePass indicator is "yes', then at least some of the 
product may be reworked again. However, if the MultiplePass 
indicator is v no', then the product may be reworked only a 
single time whereby any product failing the test is 
scrapped. 

Rework cycle time template 204 is used to describe the 
amount of time it takes to rework the product. Typically, 
this Rework cycle time includes the time that rework jobs 
wait for manufacturing equipment to become available. 
Rework cycle time template maintains five elements: 
x Location ' , x ProductHierarchy ' , ■ * PartNumber ' , 
'ReworkCycleTime' , and x Eff ectiveDates ' . x ReworkCycleTime' 
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refers to the duration of the rework process. The remaining 

.-. 

four elements are similar to the corresponding elements 
provided above with respect to the rework yield template. 

Rework Capacity template 206 links the rework process 
and the product to the capacity that the rework process will 
consume. This is defined in terms of the tools and units 
normally expressed in the planning process (e.g^, rough cut 
or finite capacity planning) . When consuming capacity, 
consideration is made about the rate at which the rework 
product will consume capacity. If the rework and new/virgin 
build products share a common capacity point, then a ratio 
can be applied to the new build capacity consumption rate to 
represent what each piece reworked will consume. This ratio 
needs to consider any differences that the rework process 
may possess (e.g., does reassembling a product take more or 
less time than assembling the product the first time). The 
ratio also needs to consider any effect that product fallout 
during the rework process may have. Typically planning 
systems consume capacity based on the quantity started, and 
if there is fallout before the capacity point, the ratio 
should take this fallout into consideration. 

The rework capacity template 20 6 maintains eight 
elements: 'Location', ' ProductHierarchy 1 , ' PartNumber ' , 
'CopyFromPN' , 'WorkCenter' , v ReworkWeightFactor ' , 
'BaseConsumption' , and x Ef f ectiveDates ' . v CopyFromPN' is an 
optional item used to link the referenced part number to an 
existing part number. 'WorkCenter' refers to the name of 
the manufacturing work center. x ReworkWeightFactor ' is a 
multiplier used for capacity usage and is defined by 
referencing the new build process. 1 BaseConsumption ' 
refers to the usage rate if capacity consumption is defined 
without reference to a new build. The remaining four 
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elements are similar to the corresponding elements provided 
above. 

Rework material template 208 links the rework process 
and the product to the materials normally consumed while 
reworking, expressed as a percentage. For example, if 
Product A has its motor replaced 40% of the time when being 
reworked, this record would link Product A to the motor with 
a consumption rate of 0.4. This information can also be 
used to define the materials that are created. during the 
rework process. For example, if the motors that are 
replaced during the' reworking of the disk drive can 
themselves be reworked, then these reworkable motors can be 
considered a byproduct of the disk drive rework process. 
These byproducts may feed back into the supply chain and be 
used for subsequent product. 

. The rework material template 2 08 maintains ten 
elements: 'Location', * AssemblyProductHierarchy ' , 
' AssemblyPartNumber ' , 'ComponentProductHierarchy ' , 
'ComponentPartNumber ' , 'ConsumeCreateFlag' , 'OffsetDays' , 
'UsageRate', 'Reworkable', and 'Ef f ectiveDates ' . 
'AssemblyProductHierarchy' refers to the product hierarchy 
associated with a set of assembly part numbers for those 
part numbers resulting from a successful test during the 
rework operations. 'AssemblyProductHierarchy' is used to 
maintain and retrieve data at a level of detail higher than 
the part number level of detail. 'AssemblyPartNumber' 
refers to a part number resulting from a successful test 
during the rework operations. ' ComponentProductHierarchy ' 
refers. to the product hierarchy associated with a set of 
component part numbers for those part numbers consumed 
during the rework operations or created as a result of an 
unsuccessful test during the rework operations. 
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' ComponentPartNumber ' refers to a part number being consumed 
during the rework operation or created as a result of an 
unsuccessful test during the rework operations. In the 
latter case, the component part number would be considered a 
byproduct. * ConsumeCreateFlag ' is used to indicate whether 
the material referenced here is consumed or created, 

v Of f setDays ' refers to the number of days between the 
beginning of the rework process and the consumption/creation 
of the material. 'UsageRate' refers to the 
consumption/create rate per piece. 'Reworkable' indicates 
whether the created material is also reworkable. It will be 
understood that the reworking of a product may create 
another product that is reworkable. 

Product hierarchy template 210 allows for parameters to 
be defined hierarchically. It enables like parts to be 
grouped together for simplification of data maintenance. 
For example, if there are twenty parts that belong to a hard 
disk family, and certain parameters are the same for each 
part number in this family, then data can be maintained once 
at the family level, rather than twenty times at the item or 
part number level. In addition, Product Hierarchy template 
210 allows other data files to be maintained at a higher 
level of detail than part number. For example, suppose all 
part numbers in a "blue" product hierarchy consumed two 
minutes of capacity at the paint station. The capacity 
consumption database 126 would contain a record specifying 
that "blue" products consume two minutes of painting 
capacity. 

The rework system utilizes the PND file described above 
to map the part numbers to product hierarchy information 
which could be used to establish the paint capacity required 
for the part numbers in the blue hierarchy. 
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Product hierarchy template 210 includes two attributes: 
' ProductHierarchy ' refers to the family to which the part 
number belongs. 'PartNumber' represents the specific 
manufacturing items that belong to this family. 

Inventory cost template 212 defines the cost or penalty 
of holding a piece of inventory at the end of a time period. 
This inventory cost is used in establishing cost 
coefficients in the linear programming model. inventory 

» « 

cost template 212 includes five attributes: 'Location', 
'ProductHierarchy, 'PartNumber' , Ef f ectiveDates , and 
Cos t Per Pi eceOf Inventory . 

Process cost template 214 describes the cost or penalty 
of releasing or starting the manufacture of each piece of 
the product. Process cost template 214 includes six 
attributes: 'Location' , 'ProductHierarchy' , 'PartNumber' , 
'Process' , ' Eff ectiveDates ' , and 'CostPerPieceReleased' . 

. Inventory materials template 216 indicates the quantity 
of inventory materials at various stages of production. ' 
This template 216 includes four attributes: 'Location' , 
'PartNumber', 'Quallnd' , and 'quantity'. A Quallnd of "UT" 
, (UnTested) indicates that the inventory material has not yet 
been tested. A Quallnd of "RW" indicates that the inventory 
material is reworkable (i.e. the test result indicated that 
reworking of this inventory material is required) . 

Once parameter database 112 is established, the rework 
system 110 may be implemented in accordance with the 
parameters provided via the rework data model elements 
defined in FIG. 2. In order for this data to be properly 
represented, it is important to note that a given product 
may be manufactured in multiple ways. This is required so 
that the linear programming-based production planning system 
can construct the necessary inventory balance equations to 
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reflect that the good finished part number can be made 
either from new build or reworkable products using alternate 
bills of materials. These will require, therefore, 
different bills of materials for the same product. Thus, 
the planning engine needs appropriate data input to 
recognize that a product can also create itself (e.g., a 
part may require multiple passes through rework operations) . 
In the rework model of the present invention, the rework 
process starts with reworkable parts, and ends with 
reworkable parts for that percentage of product that is not 
successfully reworked. 

The execution of the rework system is described in FIG. 

> 

3. A user supplies parametric data 111 to rework system 110 
via templates 202-216 at step 300. This data is the result 
of historical rework yields and current production 
information. The hierarchical data for templates 202-216 is 
converted to part number level detail at step 302. This is 
accomplished using the product hierarchy template 210. In 
the rework material template 208, any records that have the 
Assembly or Component part numbers left blank will be 
converted to * PartNumber ' , otherwise it is assumed that the 
data is already at the part number level. In the rework 
yield, rework cycle time, and rework capacity templates, the 
data is converted to part number where the part number field 
is blank. If the PartNumber field is populated, then it is 
assumed that the data is already at the part number level. 

Step 302 is described more precisely as follows. 
First, the invention determines a set of part 
number/location combinations (hereinafter PN_LOC_SET) which 
consists of those parts/locations which either exist in the 
RE WO RK_ Y I E LD 2 02 template or which have a Product_Hierarchy 
in the PRODUCT_HIERARCHY 210 template which corresponds to a 
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Product_Hierarehy in the REWORK_YIELD 2 02 template. Thus, 
PN_LOC_SET is a set of part numbers/locations for which the 
method will attempt to create part number level records in 
the REWORK_YIELD 202, REWORK_CT 204, REWORK_CAPACITY 206, 
and REWORK_MATERIALS 2 08. 

The conversion of the REWORK_CAPAC ITY template to a 
part number level of detail may be accomplished as follows. 
One of the inputs to this process are the Capacity 
Consumption records for new build products (CAPREQ) . This 
is done so that the REWORK_C APAC I T Y 2 06 template can 
reference existing new build part number / work center 
relationships if needed, or the REWORK_CAPAC ITY 2 06 template 
can define a new part number /work center relationship. For 
example, newly built products and rework products both 
require testing. The rework test process may take longer, 
as a more stringent test may need to be performed. This 
template allows for the maintenance of a weighting factor, 
say 1..50, which would indicate the rework test process takes 
one and one half the time to test as a newly built product. 
The REW0RK_C APAC ITY 2 06 template also allows for the 
creation of new part number/work center relationships. For 
example, a ''Disassembly" step would only exist for rework, 
so the assumption made when processing this file is that if 
the part number/work center relationship cannot be found in 
the CAPREQ file, then a new relationship is created with the 
consumption rate equal to the weighting factor. CAPREQ file 
132 includes the following entries: 'Location', 'Part 
Number', 'Work Center', and 'Consumption Rate'. 

For each part number, location (hereinafter PN_LOC) in 
PN LOC SET which exists in REWORK CAPACITY 2 06 and which has 

— r> " — 

a non-blank CopyFromPN in REWORK_CAPACITY 2 06, the CAPREQ 
132 information is retrieved where the PartNumber and 
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Location in CAPREQ 132 correspond to the non-blank 
CopyFromPN and the location of PN_LOC, respectively. This 
information is copied into REWORK_C AP AC I T Y 206 for the 
PN_LOC, additionally multiplying the 'Consumption Rate' from 
CAPREQ 132 by the 'Weighting Factor' from REWORK_CAPACITY 
206. Conversely, if there are no CAPREQ 132 records for the 
PN__LOC, the invention retrieves the part number's 
ProductHierarchy from the P RODU C T_H I E RARC H Y template . If. 
there is another part number which has the same 
ProductHierarchy in the PRODUC T_H I ERARCH Y template and which 
exists in CAPREQ 132, then that part number ' s CAPREQ 132 
information is copied into the REWORK_CAPACITY 2 06 for 
PN_LOC. Otherwise, if there is a record for the PN_LOC ' s 
ProductHierarchy in REWORK_CAPACITY 206, then the 
ProductHierarchy ' s REWORK_C APAC ITY 206 information is copied 
into the REWORK_CAPAC ITY 206 for PN_LOC. 

The conversion of the REWORKJMATERIALS 208 template to 
a part number level of detail presumes that the data entered 
at a 'PartNumber' level is in addition to the data entered 
at other levels, and further presumes that it is not 
necessary to copy data from other part numbers. Briefly, 
the conversion of REWORK__MATERIALS 208 to a part number . 
level detail involves generating assembly/ component 
combinations corresponding to the 

AssemblyProductHierarchy/ComponentHierarchy information and 
applying this information only when there are matching BOM 
records (i.e. only when the bill of material combination is 
valid) . 

More precisely, this conversion works as follows. For 
each REWORK_MATERIALS 208 record, if the 

'Assembly Par tNumber ' field is blank, then all part numbers 
(hereinafter ASSM_PNS)- which have a ProductHierarchy in 
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PRO DUC T_H I E RARC H Y 210 matching the AssemblyPrpduct'Hierarchy 
are retrieved. If the RE WO RK_MATE R I AL S 208 record has a 
' ComponentPartNumber ' of blank, the invention finds all part 
numbers (hereinafter COMP_PNS) which have a ProductHierarchy 
in PRODUCT_HIERARCHY 210 matching the 

ComponentProductHierarchy . The ASSM_COMP is set to all 
assembly part number -component part number combinations of 
the REWORK_MATE R I AL S record where the assembly part number 
is either the REWORK_MATERIAL ' s non-blank AssemblyPartNumber 
or a member of ASSM_PNS and where the component part number 
is either the REWORK__MATERIAL ' s non-blank 
ComponentPartNumber or a member of COMP_PNS . For each 
assembly part, component part combination in ASSM__COMP, if 
the assembly part, component part are both present in a same 
BOM record 124 where the BOM' record's location matches that 
of the REWORK__MATERIALS 208 record, and there is not already 
a REWORK_MATERIALS 208 record for the ASSM_COMP's 
AssemblyPartNumber /ComponentPartNumber at this location, a 
REWORK_MATERIALS 208 record is created where the ASSM_COMP's 
assembly part number and component part number are 
AssemblyPartNumber and ComponentPartNumber and the other 
information is copied from the REWORK_MATERIALS 208 record. 

At step 3 04, the rework yield template 2 02 triggers the 
continuance of the rework process. If there are. entries in 
the other rework templates 204-208, but not in the rework 
yield template 202, no further processing will occur for 
that part number. The 'Location' and x PartNumber' 
combination must also be in the base data used as input, so 
that the rework parameters for those part numbers not 
already in the base model will not be processed. The 
existence of a part number in the rework yield template 202 
will cause the rework system 110 to create a 'test' part 
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number in the PND file stored in database 116. The original 
part number as provided in the original BOM will be referred 
to herein as the "finished" part number, since that is what 
truly represents good finished materials. The test part 
number will have its second and third digits replaced with a 
"UT" or an alternative change to designate that it is the 
test (untested) part number. The test part number is 
created shortly after an assembly/manufacturing process for 
the part has been completed but before the part is tested. 
This part number will be added to the PND file with the same 
product family. The rework part number will have its second 
and third digits replaced with a "RW" or an alternative 
change to designate that it is the rework (reworkable) part 
number. The rework part number represents a part that has 
completed testing and determined to require reworking. This 
part number will be added to the PND file with the same 
product family as the finished part number. 

A BLDOPT record is created at step 306. The test part 
number is stored in the BLDOPT file in database 118. The 
test part number is assigned a process code based upon what 
was entered for the finished part originally (hereinafter 
referred to as the "primary process" which is used for 
new/virgin build), and a * Procurement Ind' of "M" (where "M" 
indicates the part is manufactured) , and the same location 
• as defined in the rework parameters. Effective dates may 
range from 01/01/1999 through 12/31/9999. The reworkable or 
"rework" part number for the primary process is stored in 
the BLDOPT file. The rework part number is assigned the 
primary process as the process code, and the same location 
as defined in the rework parameters. 

If the MultiplePass flag of rework yield template 202 
is set to "Y", then the product may be reworked multiple 
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times. In this situation, the rework part number is not 
only consumed during the rework process but also results as 
output from the rework process. The rework part number will 
get a process code of P_RW and a x Procurement Ind' of U M" , as 
well as the same location as defined in the rework 
parameters. The effective start date of the BLDOPT record 
will come from the 'WorkOff Start ' field of rework yield 
template 202 and the effective end date will be 12/31/9999. 
If the x WorkOf f Start 7 field is blank, or invalid, then the 
start date will be 01/01/1999. 

A new process code of P-RW is created for the finished 
part number to represent the fact that the finished part 
number can be made from reworked materials. This new 
process (P-RW) must be put into a new record for the 
finished part number in the BLDOPT file. All other data for 
the BLDOPT record may be copied from what was entered for 
the finished part originally for the 'Location' and 
* PartNumber ' . The effective start date of the BLDOPT record 
may come from the 'WorkOff Start ' and the effective end date 
will be set to an arbitrary date far into the future such as 
12/31/9999. If the /WorkOff Start' field is blank, or 
invalid, then the start date may be set to an arbitrary date 
of long ago such as 01/01/1999. 

If rework materials template 208 indicates that a 
created material is reworkable (i.e., 'Reworkable' field = 
U Y"), then a BLDOPT record is created for the reworkable 
material (also referred to as the Component) with a process 
code of P-RW if one does not already exist. This is done in 
order specify that the item is created by the rework 
process. 

At step 308, a yield record is created for the test 
part number and primary process with the yield and cycle 
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time of the finished part number. A yield record is also 
created for the rework part number and primary process with 
a yield of 1.0, a process code the same as the primary 
process and a cycle time equal to the rework cycle time for 
the part. If no rework cycle time is defined in rework 
cycle time template 204, the default is one day. 

If the "MultiplePass ' flag of rework yield template 202 
is set to U Y", a BLDOPT record is created for the rework 
part number and the looping process, with a yield of (1 
minus 'ReworkScrap' ) , a process code of P_RW and a cycle 
time equal to the 'ReworkCycleTime' for the part. If no 
rework cycle time is defined, a reasonable default value is 
used instead. A BLDOPT record is created for the finished 
part number, but for process P__RW. This record defaults to 
100% yield and 0 days cycle time. The yield record for the 
initial finished part number, primary process is set to 100% 
yield and 0 days of cycle time. 

At step 310, speedsort records are created. The tested 
part number is sorted into the finished part and into the 
rework part. The distribution rate to the finished part is 
the FirstPassYield, and the distribution rate to the rework 
part is (1 minus the FirstPassYield) . These records are 
created for the process code based on what was entered for 
the finished part originally, and the effective dates come 
from the rework yield template 202. 

If the MultiplePass flag of rework yield template 202 
is set to "Y", the rework part number, primary process, then 
get sorted to the finished part. The distribution rate is 
the 'ReworkYield' of rework yield template 2 02 and the 
process is P-RW. The effective dates also come from the 
rework yield template 202. If the MultiplePass flag is set 
to U Y", then another speedsort record is created for the 
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rework part number, primary process to sort itself. The 
distribution rate for this record is (1 minus ReworkYield) , 
and the process is P_RW. The effective dates come from 
rework yield template 202. 

Any parts created from the rework part number, primary 
process, are then established with a distribution rate that 
reflects a rate of creation.. If in the rework materials 
template 208 the ConsumeCreateFlag field indicates "create", 
then a new row is added to the speedsort record.. The 
. UsageRate of rework material template 208 will be used as 
the distribution rate. The effective dates come from rework 
materials template 208. If the Reworkable flag of rework 
materials template 208 is set to "Y", then the part number 
becomes a rework part, and its first two digits are set to 
U RW" . 

At step 312, BOM records are created. This involves 
inserting the test part number into the product structure 
and requires that all of the components of the finished part 
number be linked to the test part number instead. The 
finished part number and primary process, are linked to the 
test part number by the primary process, a QtyPer of 1 and a 
BinFlag field is set to U Y" . These fields are represented 
in the BOM record. The ComponentLoc = the (manufacturing) 
Location, and the CompProcess is the primary process. These 
fields are also represented in the BOM record. The finished 
part and rework process are linked to the rework part number 
with a process of P__RW, and QtyPer of 1, and if the 
MultiplePass of rework yield template 202 is set to "Y", 
then the BinFlag is set to "Y" , otherwise the BinFlag is set 
to tt N" . The ComponentLoc - the (manufacturing) Location. 
The CompProcess is set to the primary process. 

The rework part number and primary process is linked 
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with the test part number with a process code of Pi, a 
QtyPer of 1, and a BinFlag = "Y" . The ComponentLoc = the 
(manufacturing) Location and the CompProcess is the primary 
process . 

If the MultiplePass flag of rework yield template 202 
is . set to "Y", then the rework part number, rework process, 
needs to specify what parts it consumes. It is linked to 
itself with a CompProcess equal to the primary process. Any 
other parts consumed in the rework process are then 
established with a consumption rate (QtyPer) that reflects a 
rate of consumption. If in the rework materials template 
208, the ConsumeCreateFlag field indicates "CONSUME", then a 
new row is added to the BOM file. The UsageRate will be 
used as the QtyPer. The effective dates come from rework 
materials template 208. This BOM record is linked to the 
fini shed ^PN with a process of P_RW. The OffsetDays in the 
rework materials template '208 will be used to populate the 
OffsetDays in the BOM record. 

If the MultiplePass field = n Y", then any other parts 
created in the manufacturing process that are identified as 
distributions in the speedsort record must have records 
created too. These would include records in the rework 
materials template 2 08 with a ConsumeCreateFlag setting of 
"CREATE" . The same logic used in the BIN process described 
above is used to determine the material relationships. A 
BOM record is created for the created part, primary process . 
The CompProcess is set to equal the primary process. The 
OffsetDays in the rework materials template will be used to 
populate the OffsetDays in the BOM record. 

A BOM record is created for the "reworkable" material 
described in step 3 06. This is where the process 
information that was retained is used. The BOM record 
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reflects the created material as the assembly. 

Capacity consumption records are created at step 314. 

The rework process will consume capacity based upon the 

finished part number. Records in the rework capacity 
5 template will be compared to the original capacity 

consumption file, and when a match in. the Location, 

PartNumber, and WorkCenter is found, the data will be copied 

from the finished part number primary process to the 

finished part number/rework process. The BaseConsumption 
10 field of rework capacity template 206 is multiplied by the 

ReworkWeightFactor , also of rework capacity template 206. 

If the CopyFromPN field is populated during the drill 

down process, then a 'lookup' in the capacity consumption 

record is performed for the Location, CopyFromPN, and 
15 WorkCenter. If a match is found, the logic described above 

with respect to step 314 is performed. 

If the BaseConsumption field is not null, then the 

information from the rework capacity template 206 is copied 

into the capacity consumption file. The ConsumptionRate in 
20 the capacity consumption record is equal to the 

ReworkWeightFactor multiplied by the BaseConsumption value. 

The capacity consumption record for the finished part, 

primary process is moved down to the untested part number. 

This may be accomplished by modifying the part number. The 
25 . part number is changed from the x 00000PN' to the *0UT00PN'. 

At step 316, the inventory on the finished part is 

converted to the rework by using the Quallnd field of an . 

inventory cost record in order to represent failed products. 

A Quallnd of U RW" causes the inventory to be converted to 
30 the rework part. This is done by changing the part number 

on the inventory record. Once the part number is changed, 

the Quallnd field can be set to blanks. 
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A Quallnd of "UT" will cause the inventory record to 
have the part number changed to the untested part number. 
Once the part number is changed, the Quallnd can be set to 
blanks . 

At step 318, process cost parameters are established 
and life cycle considerations are addressed. The process 
costs of the "primary" and "rework" processes are set so 
that the desired build behavior is achieved over the life of 
the product. Typically, the "costs" , or penalties used in a 
linear programming application are not real costs per se; 
rather, such costs are artificially created so that the 
result of a linear programming solver is palatable to the 
business planner. Consequently, the absolute magnitudes of 
the costs are not important. It is the relative values of 
one cost versus the others that drives the behavior of the 
linear program. 

To obtain the desired life cycle behavior, it is 
usually only necessary to have a "primary" process cost 
which is moderately cheaper than the "rework" process cost. 
This results in the early time period demands being 
satisfied by the primary process with the residue of 
reworkable inventory available to satisfy later demands. 
During the intermediate time frame, an LP will mix-and-match 
between primary and rework production. During the later 
(e.g., end of life) time frame, the business will want to 
work off the reworkable inventory. In that time frame, it 
is desirable to have non-negligible ending inventory costs 
to encourage the consumption of the reworkable inventory (at 
the expense of building the primary process earlier than 
otherwise necessary) . Inventory costs during the earlier 
(e.g., pre-end of life) time frame may be zero or near zero. 



YOR920030131US1 



23 



At step 320, the information acquired in steps 300-318 
is fed into APS 108 to complete the integrated rework 
manufacturing cycle. The APS 108 may be a linear 
programming model such as described in U.S. Patent 5,971,585 
(referenced above) . 

FIG. 4 is an illustration of the bill-of -material 
structure which shows the flow of parts from components to 
finished assemblies. Hard drive manufacturing is used as an 
example, recognizing that those skilled in the art will be 
able to apply the concepts to other industries and product 
structures. In FIG. 4 there is a "pre-test/sort Product" 
that has been instituted to designate the stage of 
manufacturing where a disk, arm, and motor have been 
assembled but the unit has not yet been tested. For ease of 
illustration and without loss of generality, this 
pre-test/sort Product has been assembled in zero cycle time 
or lead time. The pre-test/sort Product is then tested. In 
this example, the test results in 82% of the pre-test/sort 
Product being designated as "Good Product" (e.g./ a high 
quality hard disk drive) and 18% of the tested product being 
designated as "Reworkable product." Further, when the 
"Reworkable product" is reworked and tested, 62% results in 
"Good Product," 5% is scrapped, and 33% requires additional 
rework. Observe that the "Good Product" may be produced 
directly from the pre-test/sort Product or from the 
reworking of the "Reworkable product." The invention models 
this by using alternate processes (ref . U.S. Patent 
5,943,484), In this example, the primary or "prime" process 
consumes the pre-test/sort Product as its component, and the 
"rework" process consumes the "Reworkable product." Figure 
5 also illustrates that both of these processes may consume 
capacity at the "Assembly Operation", however, with 
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different consumption rates. Additionally, in Figure 5, 40% 
percent of the time, the reworking of the product requires 
the replacement of the drive's motor; consequently, our 
invention models this by using a bills of material qty__per 
of 0.4 applicable to the production of the "Good Product" 
when using the "rework" process. Also, the motor assembly 
itself is further built from a "pre-test/sort Motor" which 
requires two components, coils and brushes, and this 
assembly also has a rework flow associated with it. Figure 6 
further illustrates the fact that assemblies may result in 
salvageable components that flow upstream in the supply 
chain. For instance, a "Reworkable Product" may result in 
the creation of a salvaged "Reworkable Motor". 

As can be seen by the above, the rework system provides 
a circular flow of materials' structure in order to leverage 
rework operations into a manufacturing execution system. 
The rework system is modeled using a set of inventory 
balance equations to describe the flow of materials from one 
location to another and assigns a unique part number to the 
part number to be reworked. Sort percentages and cost 
penalties are used on the part to identify defective parts 
and so that the desired behavior during a product life cycle 
can be emulated in the planning process. 

The rework system provides a method for achieving a 
production plan that integrates the rework aspect of a 
manufacturing system. It involves the storage and 
management of necessary data for modeling material flows of 
a rework system with respect to the overall manufacturing 
system. It also provides a method for mapping the data 
structures to a mathematical model of the manufacturing 
system for optimization of advanced planning decisions 
including those associated with the rework process. The 
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system and method integrate the planning of a rework 
manufacturing process with established planning objectives 
(e.g. customer service, short, lead times, low inventory, and 
prioritized allocation of supply and capacity) to compute a 
feasible production plan for an enterprise. 

As described above, the present invention can be 
embodied in the form of computer- implemented processes and 
apparatuses for practicing those processes. The present 
invention can also be embodied in the form of computer 
program code containing instructions embodied in tangible 
media, such as floppy diskettes, CD-ROMs, hard drives, or 
any other computer-readable storage medium, wherein, when 
the computer program code is loaded into and executed by a 
computer, the computer becomes an apparatus for practicing 
the invention. .The present invention can also be embodied 
in the form of computer program code, for example, whether 
stored in a storage medium, loaded into and/ or executed by a 
computer, or transmitted over some transmission medium, such 
as over electrical wiring or cabling, through fiber optics, 
or via electromagnetic radiation, wherein, when the computer 
program code is loaded into and executed by a computer, the 
computer becomes an apparatus for practicing the invention. 
When implemented on a general -purpose microprocessor, the 
computer program code segments configure the microprocessor 
to create specific logic circuits . 

While preferred embodiments have been shown and 
described, various modifications and substitutions may be 
made thereto without departing from the spirit and scope of 
the invention. Accordingly, it is to be understood that the 
present invention has been described by way of illustration 
and not limitation. 
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